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The  Weibull  distribution  is  defined  by  the  equation  « 

F  =  F(t)  =  1  -  EXP  -  (t  -  Y)B/n  (1) 

where  F(t)  gives  the  cumulative  percentage  of  failures  up  to  tims  t;  t(t>  Y>0)  is 
the  part  life;  y  is  the  location  parameter  (time  before  which  no  failures  occur); 

T) ( rp> 0)  is  the  characteristic  life  and  6(0  >0)  is  the  shape  parameter. 

Dr.  John  H.  K.  Kao  has  described  a  now  well-known  graphical  method  for 
estimating  the  location  parameter,  as  well  as  the  shape  and  characteristic  life 
parameters. 

In  this  paper  a  method  for  estimating  these  parameters  by  the  use  of  least 
squares  is  given. 

It  is  noted  that  with  double  logarithmic  transformation,  Equation  (1),  upon 
making  the  following  substitutions,  assumes  the  form  of  a  straight  line  equation: 


Y  =  aX  +  b  (2) 

where 

Y  =  LnLn(l-F)"1  (3) 

) 

X  =  Ln(t  -  Y)  (4) 

a  =  3  (5) 

b  =  -  0  Ln  t)  •  (6) 


This  transformation  leads  to  the  use  of  least  squares  for  estimating  each 
of  the  parameters.  Solution  is  achieved  by  taking  the  partial  derivatives  of  the 
following  equation: 


*  Originally  reported  as  part  of  "Reliability  Engineering  Report"  RTT -GEN-65-1, 
February  1965. 
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G  *  £  CY  -  (aX  +b)]2  (7) 

i»l 

with  respect  to  each  parameter  and  setting  the  equations  equal  to  zero.  Further, 
define 

LNLN  r1—  *  D  * 

1  -  F 

LN(t  -  Y)  *  E 

(t  -  Y)"1  *  F 

% 

Now,  by  solving  simultaneously,  the  equations  for  each  parameter  become 

£d  b  t£D/(t  -  Y)  1  (NEE2  -  (EE)2  }  +  (E  DE}  t(EF)  (EE)  -  NEEF}  (8) 

{(EF)  (EE2)}  -  |EFE}(EE) 


„  NEDE-EEED  (9) 

0  8  - 

nee2  -  (EE)2 

(EDE)EE  -  (EE2)ED  (10) 

NEDE  -  (Ed)  (  EE) 

where  the  summations  are  taken  over  the  set  of  sample  data. 

(The  shape  and  characteristic  life  parameters  have  previously  been  estimated 
using  the  method  of  least  squares,  provided  the  location  parameter  is  known  or  is 
set  equal  to  zero.  ) 

Note  that  Equation  (8)  is  an  implicit  function  with  Y  as  the  only  unknown. 
After  solving  for  Y  8  and  T)  can  be  solved  for  directly  using  equations  (9)  and 
(10),  respectively.  For  a  high  degree  of  accuracy,  a  digital  computer  should  be 
used. 
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